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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide GaN based 
semiconductor laser element highly reliable even in high 
output operation. 

SOLUTION: In a GaN based semiconductor laser having 
an. emission stripe region 4, dielectric films 1, 2 of 
oxide or fluoride having high normal temperature 
standard generation enthalpy aHO are formed on the end 
face of a resonator, a cover dielectric film 5 of AI203, 
Si3N4 or Si02 is formed on the front face and a 
multiplayer dielectric film 3 having high and low 
refractive index layers is formed on the rear surface. 
Assuming the chemical formula of the dielectric film 1, 
2 is MnOm (oxide) in MnFm (fluoride) and standard 
generation enthalpy under normal temperature 
is aH0 ( AH0/m<-456 kJ/mol is satisfied for oxide 
and,.AH0/m<-434 kJ/mol is satisfied for fluoride. 
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(57) mmi 

fiCfeUt. ^SiSffiffiJC. ffl>ttfitti*£ 

ftzmmftm 1 . 2 fcrassu s ^tcmm^A 1 , o 3 , 

S i jN,X«S i 0,*»6«C-S*^-SIS^M5*. * 
iHK tiiftSW*© t {smsr *® *» 6 ft £8! tttt&MN 3 

miEm^Hm 1 . 2 ©ffc^fcM. O. (M 
it®) X«M„F. (7»{H&) iU SS-C€»^*»^fiS 

H,/m<-456kJ/mol Web, 7?fM3j© 
^■CBAH,/m<-4 3 4kJ/mo I ^SS/fT J: 




'im^m l ] -£&8ttII©*[>& < £ 4>-2> fc. eftfbtt 
K*5(,»r. .^Mb«ffltfBtt©fb¥£&M„ o. . su-c 

*<Dlgm&f8ix> Ztm-i AH, tbfcti*; AH,/m 
<-456kJ/mo 1 C £*#»£-*- 

M*f*R 1 1 mmfom 2 tmxmm s n/t 2 «©fissgt 
Mtk&sittttJt 1 © as^m. o. . &u-c<Dmm£.m 

i^^l-f-^AH.il/fcit. AH,/m<-456 
kJ/mo 1 %mtc L . *niTi2SSSttK 2*4 0 0n 

[f**JS3] SWB«l«*il2 3WA r,0,. S i.N.X 
RS iO,36»6J&:4C4*1Sai-S-*aB3|tgi2aBtt©* 

[ 4 ] *=Jf|g§iSiE©4>;fe < t fe-^K . Mf b« 

«wa»fb«iii«i*cMt*3C*M.o.. utarofius^fiE 

x>£;l<t-£AH (> £L/c£&. AH,/m<-456 
k J /m o 1 fcfttfcU fr^wiU%'te<r>&'%.WW} i Mm 

H*f*B**T i O, . ZrO,XliHfO,-C*0, <K® 
Sr^JBtfAljO,. S i O.XHS i 3 N,-C£>SC££ 

{ m&m 5 ] mm! mmmt&fiA 1 * o , . . s c 

,0„ Y 2 0 3 . Er,0,> Tm.O,, Ho.O,. Lu, 
O s > Tb.Oj. Sm,0„ Gd,0 3> Yb.O,, Pr, 

[flW»J16] p&M&BKD&Z: < £ fc-;frcc. ^fb 
«0!ttft©ft1Il&<&i&3 G a Nj&!£Vtt U — «f (C 

©&ig£fiSx>5fA'e-*AH.£L;fcBS> AH,/m< 
-434kJ/mol ?:SfctCt?:#t<!:t5¥ift 

C iftj&B 7 ] &BSKB©*!>tt < £ 1 — . 7 » fb 

fjnm^ 1 £ s§nf*ia 2 sMKxaM s tifc 2 s©ss 
ie7 9 fbttftsttK 1 ©fb^^M, f„. ^-c<Dmm 

to£x>£.rt,£-£:AH,,£b;te££. AH,/m<-4 
3 4 k J /m o 1 ZmtcL. #>ojwfIB§rSi*II 2 *U 0 
0 n m^©^Jg^{c*f LT:£^ttJCjgiP!&ISm&1vff4a> 

[1M3I8] ftERmttll2**A 1 ,0,. S i S N,X 
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CW*S9] *«ggi£ffi©d>£c<£fc-:frtc. 

|j3tx>£;Ufc;--£AHo£l<fc£#, AH,/m<-4 3 
4kJ/mo 1 £$SfcU 3&»"3frffi^a©SI*i*Jgl**S5 
B*f*H4fiB*r*»*a£S«:8l»lyfct©T*0. ft 
/S#r«l#T i O,. Z r O.XBHf O.V&V. ®M 
ffimm&A 1,0 3> SiO ! XBSi i N,T*SCi* 
10 Wtti****fc l >-- ! j*f. 

[it^g io] v hF„ h f 

F,. ZrF„ SmF 3 . YF 3l HoF 3 . NdF 3 . S 

c f 3 ©i>-rn#>-e& sci znmt r &!»#s 6 . 

mmmsti. sjB{bBjsss#«sK©-#«:. mmm 
mLStiitakm i BBts©*»# u— wrt-. 
20 ^<cmtmm#mmhtc. ai.o,, si 3 N,x« 

S i 0,fe&&£StttttM*sfl^3tifcfll#91 neig 
[ft^ 1 3 ] fttiSffi©W*Cc-7 7 fb«irS(4aOfii 

flffl&wiBiSSft. 7fk«nm^flmi©— ^rcc. w 
[it^iB i 4 ] ^m<ommt^mmm^nx^fj:i.im 

1j<DV 7{kttflrttttffeflR±K:. a i , o 3 . s i 3 

»S i Oj^^J&SSI^JS^fiRStifcSI*^! 3IB 
30 -If**. 
[^©»«B%lft^3 
[000 1 ] 

[0002] 

[«£*©««] l/— !fB. ^^^^©Wffi 

40 fiiClnGaN/AlGaN/GaNMiftU-f 
t*. 4 0 0nm^©^S^*5pJtB-C&!3. *rHS»X ' 

B©i«iiiis«(/h3 < am w»iflfa*flK> rc^cfe. #s 

[0 00 3] aaE©GaN3fi*ft*i»«:U-- £ Or 
{*. mt*H7RtfH8©J:$&*»>&J*SSftTl»S 

S.Nakamuraffi. Applied Physics Lettres. V 
ol. 72, 2UX)>6 213-^—5^. 1998^) . 
[00041 17 R^I 8 <D*i(*U-f Affi ((1 
1-20)®) t7 7^7Sg6±©GaNA' 7 77@7, 
50 mM3 u mOnlGa N3>$ t> hB8> HJ10. ly 
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mOnS I no.iGa,. 5 Nfl9 , nSA U.^Ga^^ 
t Kf/G a N^IS F-^fitt^S^ * KJBl 0. gJ50. 
UmOnSGaNll K I n 0 . 15 Ga o . 85 Nl?# 
F@ £ I - n b . o i G a i, . 9 ■ N a« Ta^^aCCS® U/c^ 

r aaT-#FSttiii 2, mmo. 02/zm©piAi 

o. a -Ga...NJB 1 3, mmo. Um©piGaNIl 

^ v FJf 1 5, mmo. 05ym(DpSGaN3>^ 

O^^tp WiSiftao— SP£ bWB nSGaN3>f 

U"17£, CCD^IM 7±(DfiulBpSGaN3>^^ h 
■ 1 6&C*$LTff£j&£n/cN i /Au(D21^»6^ 
^Plil8i, MfB^lf 1 7 JSaB©iiuffin3SG a N n 
>**FJB8fc«Ur]^S*ifcT i/A 102JK&M 
*>&&4n««l 9 ££>6J£oTl>£ 0 W-rATWR 

[0 00 5] C<om^. V-Vt -f7S«l©R^*BHffi 
((i-i02)S) £mt^y^^**»#|S»©M'N*BI 

s (coi-io)H) 3&s«a— a-rs/c«>, cneo^^i 
^pbhks i o.swiffxttT i o z /s i o 2 ^mmm 

[0 00 7] 

[0008] nmnnftvoymnm** wwfc&Atcj: 

6IS«rt»©*fb££fc«:, AlMKtrottffittWl (pa 

tas trophic Optical Damage: COD) iCcfc oT3tIB£*'l 
& 0 COC'ODMB, ^CCO. 8-1. 0//mf(DI 
nGaAs/Al GaAs/Ga As^iltb-ft 

iRQi8M*fcfc6>-r. C<DV 4 - F^* & 

Ml«c*rSttu IBifflWisWittS. 
[0 00 9] C<DJ8BSCOD33l*J«y:a*^»'t?tttt 
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RiR^wsn-r 4 c £ L , ^McoDffiStgcD^£T 4 
jfctttau^ (fcTF rcoDU^;uj &(,>5 0 ) ©SB* 

• [0010] S63feD»a-Cfe, i O a Xtt 

tfCcJ:SCOD3Hfttt&-5®K»|iSijr*S. ua>U * 

i>. «ao)iaa±»tt. 4^ti»£«*f* £©*!£& 

S3R ( ^m$Rilft^^*lS C-I Vol.378-C-I No. 3 
pp. 143-149 1995) CC*RSStlTl»£. 
[001 1 ] G a N^»*4tt, G a A s ^tfl&KcJt^T 

20 < l^*/c0©x*^-*i^*l*/c«5. Stl OmW 

C^btc. COD*ffcCCigHLfclSHl*ttf^r<D© 

[0012] *cr*#63B<Daw«. istb^s&^cc^^ 

C£lc£>£ 0 
[0013] 

30 GaNS^ziftrU-lfR-^KisCir. guiB&fb«9RStt 

H^U/ct^, AH 0 /m<-4 56 k J/mo 1 £ig 

[0 0 14] *iRSiBffi©*ar< £&- 

, MHSttfflR 1 £ KUtfcJK 2 #JRK9M 3 fifc: 
2 JB<DflHNftdS)&$ 3 ti/c G a N U — !f JR^K 

tel>r, WEBKbttRWllllOfb^SMnO,., fits 
r©«*S*flEi>^;i'tr-*AHo£6fc£*, ah,/ 

m<-456kJ /m o 1 Wcl, ^»OB}ieR«f**l 
40 2#4 0 0 n mm>8M&ltit LT3fe^WK»IJII&Bi« 
«^*6ftSC£*W£r4^(*U--1f*^K:H 

[0015] *fc*»W«, ft«fflBBC!>4>a< £fc- 
^fb^S^ll£^M<DiimJi^f@^^^n 

AH,iUci^, AH 0 /m<-456k J/mo 1 * 

50 O a , ZrO,X«Hf O 2 *C$)0, fiI8r$l^Al a O 



•jgftu— fios^x, may v <tmmn#<Dit¥3.i:M 

B*. AH,/m<-434kJ/nioi%iMC<!:% 

[0017] ttc&mmz. &mmiim<D'j>tj:< th- 
. ^ < bmrattjR i i. mn&m 2 *>jk%sm $ n 

tcte^r. Mb? vimmn»m 1 ofk*sc*M„ f.. 

SSroSW^x^^l/t-SrAHoiLfcit. A 
H„/m< - 4 3 4 k J /m o 1 .^fS/cL, fr^MieS? 
«fHM2 #4 0 0 n m^©^7fe(C*fU-C3fe^{cSB^ 

[ooi8] *fc#»Htt. *kMm%moyj?u<. th— 

StSf*©ffc3*Se*M. F . . gflTOSiKx^ *;l< b* 
-SrAHoiUfci^. AH,/m<-4 3 4 k J /mo 

Si 
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* iO,. Z rO.XttHf 0 2 r*t)» fiIJf$i*!A 1 , 
[0019] 

[#MH©*te©7&«] HH^fflt^-C*^©*]^ 

[oo2o]ii rvm2 «. ^n^n*^Hj©-nM 

$4£W-r-*>GaNJM0£#U-- !«C. ^*§§fC<fcO^ 
;Uf- (AH,) 4Wt i S c , O ^©Hlfti 1 . 2 

[002 1 ] Zhtc. >t<IJSB(c». «®Jf^@iffiB 

®5f*Jli ItBT i O t . Zr.O„ HfO,!?*. $ 
/dfflSflr^Jfi UTJiA 1 ,0^ SiO,, Si.N.f 

20 [0022] cc7, s@©jij¥». iasgjgsA©¥» 

[0023] 
[*1 ] 







- mm 










n 


X/4 n 


mmit&mm as jew** 


n H 


n II 




n L 


i/4 n L 



[0024] co«@r. mm<Dfx.Mm3~~ 32%, mm 
(Dfrmm > 90% (o^mmw^mm ztiz. 

[0 02 5]WAH B SW*ill. 2iirB. fb^S 
£M n O BV SiTOiiJ Ijx > f - ^ A H ff i I 
fc<h£, AH,/m<-4 5 6kJ/mol*ifcl 
^2CC^Tct O^A 1 a 0 3v Sc 2 0 3 , Y 2 0 3 , Er 2 
0 3 , Tm 2 0 3 , Ho 2 0 3 , Lu 2 0 3 , Tb 2 0 3 , Sm 2 
0 3 . Gd 2 03, Yb 2 0 3 v Pr a 0 3 «(OB!ftttBI«f* 

AH»/m<-4 34 kJ/mo 1 SrSlfcT. 312 
OCnVTcfc^ftThF^ H f F 4 , ZrF«, SmF,, Y 
F j , HoF 3 , NdF js ScFjflMD^^YbttBMI** 

[0027] cn&©^«*»»u--tr©iMeeK:» 



KAH.K«ttlRl . 2%l-30n 
m, J:0»a-L/<«1-1. 0nmCC»IBIftl//cia2(Dai 

[0 02 8 ] CG>»^ SSffifcttSfcteA 1 2 0 3 , Si 
0 2 % Si, N 4 ^CD4 00 n m&<Dm&fttCttl>X%& 

©1^2»<Z)lSfiCcK5£-r*itfJ:i». *fcJtBS«:tt, 
40 @3««cilS«^JMI3^JiS > r&^. 3SAH 0 S?11f«i 
2 <t£/f MCDKI 1 »i*»6«ES*Bfi*4»© 1 mmt 
ft* J: 5 CC-TS. H2©«3lrtt 1 jfcwawtts&s-H* 
rft<£*K »«^©ac»##a^«wif*««rs 

[0 02 9 ] 
C*2] 
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tT- AHoCkJAmoJ 


ATT y m flr T/iwirtl 
L 0. F> 


/&$&(kJ/lmol GaN) 


Si0 2 


-910.7 


-455.85 


-248.975 


Ti0 2 


-944 


-472 


-273.95 




-1676.4 


-658.47 


-403.75 




-1908.8 


-636.27 


-520.35 




-1905.3 


-635.1 


-618.6 


Er 2 0 3 


-1897.9 


-632.63 


-514.9 


Tm 2 O a 


-1888.7 


-629.67 


-5X0.3 


Hoa0 3 


-1880.7 


-626.9 


-506.3 . 


Lu 2 0 3 


-1878.2 


-626.07 


-506.05 


TbjjOg 


-1865.2 


-621.73 


•498.55 


Sm 2 0 3 


-1823 


-607.67 


-477.45 




-1819.6 


-606.53 


-475.75 


Yb 2 0 3 


-1814.6 


-604.87 


-473.25 


Pr 2 O a 


-1809.6 


-603.2 


-470.75 


HfD 2 


-1144.7 


-672.85 


-424.476 


ThF 4 


-2091.6 


-622.9 


-516.2 


HfF 4 


-1930.fi 


-482.625 


-395.375 


ZrF 4 


■1911.3 


■477.825 


-380.975 


SmF 3 


•1778 


-592.67 


-725.5 


YF 3 


1718.8 


-572.93 


-666.3 


HoF 3 


1707 


569 


654.5 


NdF a 


1657 


552.33 


€04.5 


ScF 3 


1629.2 


543.07 


576.7 



3RC«4*fflC*rttMr*. *r, ABB .( CLL-2Q) 
I) *7 7-/7lfi6±fi[)GaN^5»7 7l7, A/¥3 30 
am©niGaN3>$^F18 t A/90. l/im©n 
3SI n,. 1 Ga Q .,NH9, A/SO. 
o. 14 Ga tt . 96 N/GaN^K-7W^77Fi 
(SAOA/f»-^tl'€ e ti2. 5nm) 10, ifO. 1 
/iraOnIG a NS 1 1, I n 0 . 15 Ga 0 . Bi Ni^F 
A (A/S3. 5 nm) i I n B . 0I Ga 0 . 9> N^'JTI 

(iwio. 5 nm) %£.mcmmLtc&mm*#Fim 

&A12,AJ¥0. 02/imOp^A lo. 2 Ga 0 . 8 N@ 
13, A/10. lMm®pIGaNI14, IJI0. 4 
MmOpiA 1 D .„Ga,. f ,N/GaNKHF-^iBtt 40 

FA (#A©A/S«*n-etl2. 5nm) 1 
5, AJS0. 05/im(DpIGaN3>$^Ml6>& 

«*«AOfcy^^^p«jsisa€:»jssr*. «bjie 

#tt£ll£ttlj££ffi (MOVPES) *fflt»rff 

[0031] ;x(c, 'coy^jb^^naijittaco— sb 

[0 03 2] */c, mif2n^GaN3>^^ hA84*S 
tHTSaSSrx^^^yLr^* 1 7SJB0ET&. S 50 



6(C V CCD^tM 7±(DMfep^GaN3>^^ mi 
6CcJgLTN i /Au©2t^i^6ft5p«Sl 8 £ 
JBfiRU huBB^*1 7JSffl©BffKnS!GaN3>4?^h 
I8fCgltT i/A l©2A&K#>6>ft*nWffil 8 

mm 1 8 . nlil9 «*2»*Affl!JK:JBJSESn4. 
[0 03 3] C©»^ t^r JTM&6<DR^£mm 

< (i-i02)ffi) ififfc*/ y f? A?Mf^ftttA<DM^*H 

ffi (coi-iojffi) ar«A:a&, c*i6<d^*hj 

m 1 XfctH 2 K*TiBAH 0 B«ttJ« 1 , 2 **tf?«IB 

[0035]i5 RtfH 6 *«8BOS0<O = aft«j«c^ 
[0036] G a Nifi», «AtiKT©«t ^tt^ffir 
I10 0//mIS©GaNi^Mf^ CCDfltfir 
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[0 0 3 7 ] CCDGaNS&2 1 ±tc, Jl/90. lam 
* <Dn5SI no.tGac.9N/19, J1J10. 4/zmOnSA 
1 a.tiGa 0 ., 6 N/GaNaK-7WT^77 KJB 

(«Ji©««tt*tvt*i2. 5nm) 10, mmo. i 

/imOnSGaNgl L I n 0 .i S Ga,,. 85 NIT#F 10 
■ (J1/S3. 5 nm) i 1 n 0 . 02 Ga 9 . 9B N^ ! ;r/l 
(1*10. 5 nm) *SJECC«»bfc*M^*^S 
ttll2, JBJSO. 0 2amC!>pS!A l B . a Ga„. B N» 
13, IfO. UnKDpiGaNlH, IfO. 4 
fimOpSA 1 f .i 4 Ga p . (l N/GaN^HK-^aft 

FJi (&m<Dmm&* tl?tl2. 5nm) 1 
5, JBJSO. 0 5 umCDp^Ga N^>## MB 1 6 

«*. mm^mmm&m (movpes) *«^rff 

4H<b^-C*S, 20 
[0038] c^^^i/^^n^jSjeso— SB 
WiflpfflA 1 B . ia Ga 0 ...NBl 5(Dj£*$rx* 

tulBpMGaNn>^>7 h/gl 6^cgUrN i / 
Au©2B£J!*>6&Sp»B1 8*0J&SU ItTfBn^ 
GaNS«2 lCClgLTT i /A HD2H£JSa>6&5 

[0 0-393 ^*HICCJ:0U— !f*«S*W3 

*-r*AH B R«*Bil, 2*Stri»BI«efliU *» 30 

[0 040] COflHStt. If -7 r -f+S«*flK>fc*B^ 

[0 04 l] H3-H60SeK«t?tt, 

[0 04 2] 

EM8t&3i&L> a«4i4>CCCODU^Jl/3WfiTLr • 

T6<, tt*WKCODU^JU©fiT3W«I«ll3n4. 
[0 04 3] »»©«fcft*flW?3etttt, ^»iJSx>^ 

ort^s. 50 
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[0 04 4] *fcft^Wtt5Sc3ettfeAH Q *flHr»Tj83E 

ncim*, se^ffli^tiTc^s i o 

, K« «B i G a N *( JEl£ L r G a , O , ifi&tittr & J: 5 
3/4* SiQ, +GaN 1/2* Gfc Oj +3/4" Si +1/2" N* 

+3/4 A H o (Si Q, ) +A H o (GaN)-l/2 A H 0 (Ca, 0b ) -1/2 A H 
.00 

r*»4Ci*sr*5. C<Dtttt-2 4 8. 9 7 5k J 
/mo 1 RlfcKlfci&Sfc*. -f&tt&lfc&it 

SEttti. "Tttto^S i 0 1 4SJ£3#r. lWOGa 
NS:ffiMfc3#Sfca«)CCtt, 5^SU^6- 2 4 8. 9 75 k 

[0045] -WL<D&mmmM[ O. t G a NiOKT 
3/2m" M. a +GaN -» 1/2* G^ 0, +3n/2m" M+l/2" K 

+3/2mA H 0 OA, CI )+A H 0 (GaN)-l/2 A H 0 (G^ Q, )-l/2 A 
H 0 (N>) 

4* 1 *^cr)G a NSrMffc 3* Scotch < <DftfflNm&& 
Si***:*. Slt3&«Jl*^ e 6<«ca. A H o (GaN) <h A 

[0 04 6] ^2tC«. fiE*ffll*6nrc**S- i o 
,4, *»WCffll»*#Btm©, A H 0 , A H o /m, R 

T. *a?Brmc**sc,o,9©Mft««««t, si 

0 2 COAHo/m= -4 5 5. 3 5 k J/m o 1 <fc 0 fc'hS 
<, fiEoTGaN<fc<DKK»*S i O, CCtb^ritff 

coDu^©iST*s»»mK:«i«ir*s. -r&*y&«9. 

[0047] £/c, IM&WBWfl-ftiWrtt < , $mtc& 

~C££ e -MO^JS? ^ft«JM 0 F.iG.aN4OKTO 

3/m* H F. +GaN -» GaF 3 +3n/m* M+l/2* N 2 

S«f4<D«^^X>^^fc'-^«^"C 
+3/mAHo (M,F B )+AHo (GaN)- A H 0 (GaF 3 )-l/2A H 
• 00 

[0 04 8 3 S2cc«, i^irfflt^Si^ 7fb«5« 

*40, AHo, AH 0 /nk ^l/COGaN*^ y{b3 

HfF,, ZrF,, SmF J( YF 3 , HoF 3 , Nd 
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F 3 , Sc F 3 m<ov WfeBrctt. Z<D9\9imi&&S i O 
?i©JSl£ft**fc«^J:0WK:**<. I^tGaN 

T «cto%**IBC!>7 y *:> >^^> 3 >JB<t Or 

testis, ^mimmtmmmm^^brfb < & 

0, CODU^JKDfiT*ai!l»Wfc«I*IJr*-5. CC 
T\ fctoiTi^srffcW (M B F.) **S i O.Ktt^T 
GaNiOSl£tt*siB<a«3tK>CC«, +3/mAH 0 (M 
„ F. ) + A H o (GaN)-A H 0 (GaF 3 ) < +3/4 A H 0 (SiQ, )+AH 0 
(GaN)-l/2AH 0 (GaiQO* -T&fc^A H 0 F.)/m<-43 10 
3.825 k3/nol*iBS-r*ltf 

o. 4-o. 5 Mm^rs:cc*^KiccjaiHr*at«iR 

[005 0] #»»*flH**i«, fc<DttC> 

[HI] *«?HCE)^Jfi«6[)»*fl|jS*^t*WrMHr* 

$>&o 30 

ecTfrttKM) r£>£ 0 * 
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mmmtzmw) r&& 0 

CH7] ^©isa*4^i*u-ift^r*iiaKffiia 

<*S#iftfc«tt&»rffi> r&& 0 

[H8] mtomuti^tti'-ir&Tj&mittRWB 

1 AAH.BmfHK <nna> 

2 ftAH.RSftR 

4 F5-f:/«W 

5 *7'<-Bf»fMB! 

6 A® ((n-20)H) f7r>f7lS 

7 GaN^^ri 

8 nSGaNn>£^ hli 

9 nm I n0.aGaa.9NM 

I 0 nMA 1 „. 14 Ga ( .„N/GaNja»^7y F 

m 

I I nSGaNI 
1 2 

13 piAlo^Gao^Ni 

14 pSGaNl 

15 pfAl 0ll ,Ga, lM N/GaNjBfH-i'7? F 

16 p!G-aN3>$^ hJB 
1 7 jy- 

1 8 p^|@ 

1 9 nM% 

20 «*^h7-f^y 9 S? 

2 1 n-Ga NSS 

2 2 Si 0,/T i O.S^Ii 



IM 1 ] 



[02] 



4 K5»^^-f^«l« 




1 HAHo&SttB 



3 

2' SAHoRTOIS 



1 8AHoS*a*Bt 
5 ft/V-StmtlB 




3 &3tt$/IB 



(8) 
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[03] [04] 




[05] [06] 




